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Durham, North Carolina
This study assessed the effects of partial reductions in
exercise work load on radionuclide angiographic indexes
of ischemia in patients with coronary artery disease. Left
ventricular function was measured by first pass radio-
nuclide angiography in 43 male patients at rest, during
an ischemic response to symptom-limited exercise and
immediately after a partial reduction in work load. To
assess the sensitivity of exercise-induced left ventricular
dysfunction to reductions in work load, the effects of
moderate (50%; Group 1) and small (200 kllopond-
meters/min; Group 2) reductions in work load were
analyzed.
In Group 1, ejection fraction decreased from 49 ±
18% (mean ± standard deviation) at rest to 43 ± 16%
at symptom-limited exercise, and then increased to 52
± 21% during work load reduction (p < 0.001). In
Group 2, ejection fraction decreased from 53 ± 18% at
rest to 44 ± 16% at symptom-limited exercise, and then
increased to 52 ± 19% during work load reduction
In patients with coronary artery disease, radionuclide an-
giography frequently demonstrates an abnormal ejection
fraction response or the appearance of new wall motion
abnormalities, or both, during exercise (1-4). The timing
of the radionuclide acquisition is an important factor in
detecting thesechanges. Forexample, an abnormal response
that is not present during submaximal exercise may appear
during symptom-limited exercise (5). It is also known that
left ventricular function mayrecoververy rapidly aftercom-
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(p < 0.001). Ifthe ejection fraction response during work
load reduction rather than during symptom-limited ex-
ercise was considered for diagnostic purposes, the sen-
sitivity would have been reduced from 100 to 52% in
Group 1 and to 70% in Group 2. The ejection fraction
increased during work load reduction despite persistent
ST segment depression in eight patients in Group 1 and
in nine patients in Group 2. Increases in ejection fraction
during work load reduction were associated with in-
creases in the ratio of systolic blood pressure to end-
systolic volume and lessening of regional wall motion
abnormalities.
In patients who develop ischemia during symptom-
limited exercise, small decreases in work load which are
accompanied by minor hemodynamic changes may re-
sult in a rebound increase in left ventricular function
and significant reduction in the diagnostic sensitivity of
the exercise radionuclide angiogram.
plete cessation of exercise, coincident with decreases in
hemodynamic determinants of myocardial oxygen demand
such as heart rate and blood pressure (6-11). As a result,
the sensitivity of the test for detecting ischemia is reduced
if the radionuclide angiogram is acquired either before the
patient achieves a maximal exercise stressor afterthepatient
has stopped exercising.
It has not been determined to what extent partial reduc-
tionsinexercise workloadinfluence leftventricular function
after an ischemic response to symptom-limited exercise.
Clarification of theseeffects is important in the performance
and interpretation of the exercise radionuclide angiogram,
as sometimes it may be necessary to reduce exercise work
loadbecause of chest painor excessive body motion during
peak exercise. This problem is of particular relevance to
equilibrium radionuclide studies, which generally requireat
least 2 minutes for the acquisition of exercise data. The
present study was designed to assess prospectively the ef-
fects of reductions in exercise work load on radionuclide
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indexes of ischemia, To assess the sensitivity of the radio-
nuclide angiogram to different magnitudes of work load
reduction, measurements were made at rest, during symp-
tom-limited exercise and after moderate (50%) or small (200
kilopond-meters[kp-m]/min) reductions in exercise work load.
Methods
Patient enrollment. Fifty-six men with typical angina
were initially screened for inclusion in this study. These
men either were scheduled for coronary angiography or had
coronary artery disease documented by angiography or pre-
vious myocardial infarction, The diagnosis of myocardial
infarction was based on the presence of 0,04 second Q waves
in any electrocardiographic lead except aYR, or a docu-
mented increase of creatine kinase-MB isoenzyme and a
history consistent with infarction.
The screened study group was evaluated by first pass
radionuclide angiography using two different exercise pro-
tocols as illustrated in Figure I, In one group of patients
(Group I), work load was decreased by 50% from peak
exercise, In a second group of patients (Group 2), work
load was decreased by 200 kp-m1min. The latter protocol
was selected because it represented the smallest work load
increment that could be measured reliably with the exercise
system used in the study,
For inclusion in the study, patients were required to have
significant coronary artery disease by angiography and less
than a 5 unit increase in radionuclide ejection fraction from
rest to symptom-limited exercise, Although this ejection
fraction response was selected arbitrarily, it has been used
by several investigators (2-4) to define an ischemic response
to exercise; it was used in the present study both for selecting
patients and for analyzing the effects of reduced work load
in patients during exercise, Of the 56 patients screened, 43
patients (23 in Group I and 20 in Group 2) were selected
for study. Thirteen patients (seven in Group I and six in
Group 2) were excluded from the study after the radionuclide
angiogram, because the ejection fraction response was nor-
mal (nine patients) or because coronary angiography was
not performed (three patients) or demonstrated normal coro-
nary arteries (one patient). Patients were not excluded on
the basis of an abnormal electrocardiogram, ejection fraction
or wall motion at rest.
The clinical characteristics and extent ofcoronary artery
disease for the two groups were similar (Table J), Beta-
adrenergic blocking drugs were discontinued at least 24
hours before the study, and no nitrates were taken within
the previous 4 hours, Medications taken on the day of the
test included digoxin in five patients, diuretic agents in two
patients and antiarrhythmic agents in two patients,
Exercise protocol. First pass radionuclide angiography
was performed while patients exercised in the sitting po-
sition on a bicycle ergometer (Fitron, Lumex, lnc.). Blood
pressure was recorded by cuff manometry at 2 minute in-
tervals during and after exercise, and immediately after each
radionuclide acquisition. The electrocardiogram was mon-
itored continuously, and an eight lead electrocardiogram
(leads I, II, Ill, aYR, aYL, aYF, Yo and Yo) was recorded
every minute. Exercise commenced at a work load of 200
kp-m1min; the work load was then increased by 100 kp-ml
min every minute. Exercise was continued until the onset
of I) moderate to severe chest pain or 2) fatigue or dyspnea,
or both, After the radionuclide acquisition at maximal ex-
ercise, work load was decreased by 50% (Group I) or 200
kp-m/min (Group 2) and a final radionuclide acquisition was
made within I minute (Fig, I),
Electrocardiogram interpretation. Standard 12 lead
electrocardiograms were analyzed for prior myocardial in-
farction as described earlier. Significant ST segment depres-
sion during exercise was defined as 0, I mY or greater J
point depression and a horizontal or downsloping ST seg-
ment with a duration of 0.08 second or greater. An addi-
tional 0, I mY depression was required if depression was
present at rest.
Radionuclide acquisition and data processing. First
pass radionuclide angiography was performed in the ante-
Figure 1. Exerciseprotocols, Radionuclide studieswere acquired
at rest (R), during symptom-limited exercise (SLE) and within I
minuteof partial work load decrease (WO). WOI = 50% of work
load at symptom-limited exercise;W0 2 = work load at symptom-
limited exercise - 200 kp-m/rnin.
Table I. Group Characteristics
Group I
(n = 23)
Group 2
(n = 20)
CABG = coronary artery bypass grafting: MI = myocardial mfarcnon:
SO = standard deviation
SLE Age (yr) (mean ± SO)
PnOT MI
Prior CABG
Coronary arteriography
One vessel disease
Two vessel disease
Three vessel disease
Normal
52.4 ± 8,6
14 (61%)
3 (13%)
15
3
3
9
o
51.0 ± 9.2
13 (65%)
4(20%)
15
6
o
9
o
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rior projection using the Baird Atomic System Seventy-
Seven and standard methods previously described (12,13).
After skin preparation and local anesthesia, a 1.5 inch (3.8
em), 20 gauge Teflon catheter was introduced into an ex-
ternal jugular vein. For each radionuclide acquisition, 10
mCi of technetium-99m pertechnetate in less than 1 cc was
flushed in as a bolus injection with 10 to 20 cc normal saline
solution. Using a multicrystal camera with a 1 inch (2.54
em) parallel hole collimator, counts were acquired at 25 ms
intervals. Data were stored on magnetic discs and were
subsequently transferred to magnetic tapes for permanent
storage. After correction for background activity and elec-
tronic dead-time, data from three to six individual beats
were combined to produce an average or representativecycle.
Ejection fraction was calculated from background-cor-
rected end-diastolic and end-systolic counts:
Ejection fraction
End-diastolic counts - End-systolic counts
End-diastolic counts
arteriography and biplane left ventriculography were per-
formed by the Judkins technique using standard procedures.
Significant coronary artery stenosis was defined as greater
than 75% reduction of luminal diameter. Selective coronary
angiograms were obtained in multiple left anterior oblique
and right anterior oblique views. Angiograms were inter-
preted by at least two experienced angiographers who ar-
rived at a consensus reading.
Statistical analysis. Differences in clinical character-
istics between the groups were compared by chi-square anal-
ysis. Differences between rest or symptom-limited exercise
and work load reduction were evaluated by a paired t test.
To assess the influences of left ventricular function and
hemodynamics on the ejection fraction response from symp-
tom-limited exercise to work load reduction, univariate lin-
ear correlations were determined for several variables. Be-
cause univariate correlations were modest, multivariable
analysis was not performed.
Results
Figure 2. Ejection fraction in Group I at rest (R), during symp-
tom-limited exercise (SLE) and after work load decrease (WO) of
50%. Mean ± standard deviation shown by vertical bars. Open
circles represent patients with new ST changes on the
electrocardiogram.
Exercise performance. The work load achieved at
symptom-limited exercise was similar for each of the two
protocol groups. Group 1 achieved a maximal work load of
772 ± 142 kp-m1min compared with 795 ± 150 kp-m/min
in Group 2. In Group 1, work load was then reduced by
50% to 386 ± 71 kp-rn/min. In Group 2, work load was
reduced to 592 ± 145 kp-m/min for the third radionuclide
acquisition. Because maximal work load exceeded 400 kp-
m1min in all subjects in Group 2, decreases by 200 kp-m/
min after symptom-limited exercise constituted less than
50% reduction in all cases.
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A computer program outlined the end-diastolic and end-
systolic perimeters at the 21% isocount contour of the end-
diastolic image, and the left ventricular end-diastolic volume
was calculated by the area-length method of Sandler and
Dodge (14). The measurement of ejection fraction and end-
diastolic volume has been validated in this laboratory by
comparison with contrast angiography (13); these measure-
ments, as well as the derived values of end-systolic volume,
stroke volume and cardiac output, are highly reproducible
both at rest and during exercise (15).
Regional wall motion was assessed using static images
of the end-diastolic and end-systolic perimeters, and was
read by two experienced observers who had no knowledge
of the ejection fraction data. The static image was divided
into three segments corresponding to the anterior, apical and
inferior walls of the left ventricle. Wall motion was sub-
jectively categorized as normal, hypokinetic, akinetic or
dyskinetic in each region. To assess the reproducibility of
this method of wall motion analysis, two readings were
performed in the study patients several days apart. This
demonstrated excellent concordance for the assessment of
regional wall motion at rest (100, 98 and 98% for anterior,
apical and inferior segments, respectively) and during ex-
ercise (95, 91 and 90% for the anterior. apical and inferior
segments, respectively). An exercise-induced wall motion
abnormality was defined as the appearance of a regional
wall motion abnormality not present at rest or an increase
in the severity of a wall motion abnormality present at rest.
The systolic pressure-volume relation, an additional index
of contractility (16,17), was calculated by dividing end-
systolic volume into peak systolic blood pressure as de-
scribed previously (16-18).
Cardiac catheterization. The cardiac catheterization
procedure has been described previously (19). Coronary
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respectively, in patients who developed clin ical or electro-
cardiographic evidence of ischemia; these values were sim-
ilar to those of the total group. When the rest ejection frac-
tion was greater than 40% (15 patients), the ejection fraction
increased from symptom-limited exerci se to work load re-
duction by 5 units or more in 8 patients; this increase did
not occur in any of the 5 patients who had a rest ejection
fraction less than 40%.
Electrocardiogram. Group 1 (Fig . 2). Eight patients
developed significant ST segment depre ssion at symptom-
limited exercise; in each patient the change persisted during
work load reduction . ST segment changes could not be
interpreted in two patient s because of chronic left bundle
branch block .
Group 2 (Fig . 3). Nine patient s developed significant
ST segment depre ssion during symptom-limited exercise,
which persisted during work load reduction. An additional
patient developed electrocardiographic eviden ce of ischemia
during work load reduction.
Symptoms. Thirteen patients in Group I developed typ-
ical angina during symptom-limited exerci se; 10 continued
to have pain during work load reduction . Eight patients in
Group 2 developed chest pain during symptom-limited ex-
ercise and all had pain during work load reduction.
Patients in both groups tolerated the exercise protocol
well and were able to maintain work load during the period
of work load reduction despite angina or fatigue .
Hemodynamic measurements (Fig. 4). Mean heart rate
in Group I was 72 ± 13, 138 ± 15 and 127 ± 18 beats/
min during the rest , symptom-limited exerci se and work
load reduction studies , respectively. Corresponding values
in Group 2 were 75 ± 12, 139 ± 15 and 133 ± 17 beats/
min, respectively .
Mean systolic blood pressure was 126 ± 15, 174 ± 23
and 167 ± 24 mm Hg for Group I and 121 ± 25, 157 ±
3 \ and 148 ± 34 mm Hg for Group 2 at rest, symptom-
limited exercise and work load reduction , respectively.
Mean rate-pressure product in Group I was 9,008 ±
1,949, 23,448 ± 5,967 and21 ,180 ± 4 ,589atrest,symp-
tom-limited exerci se and work load reduction, respectively.
Group 2 values were similar: 9.046 ± 2,640, 20,438 ±
6,345 and 19,716 ± 5,248 at rest, symptom-limited ex-
ercise and work load reduction, respect ively.
Although changes in heart rate , blood pressure and rate-
pressure product between symptom-limited exercise and work
load reduction were small, the decreases were uniform and
significant (p < 0.05) in Group 1. In Group 2, the smaller
reduction in work load compared with that in Group I was
associated with smaller decreases in heart rate, systolic blood
pressure and rate-pre ssure product; only the change in heart
rate from symptom-limited exercise to work load reduction
was significant.
Left ventricular volumes. Stroke volume and cardiac
output (Fig. 5) . Stroke volume increased in both groupsWD
Group 2
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Figure 3. Ejection fraction response in Group 2 (work load de-
crease of 200 kp-m/min from maximal level) . Abbreviations as in
Figure 2.
Ejection fraction. Group 1.. n = 23 (Fig. 2). Mean
ejection fraction decreased from 49 ± 18% (mean ± stan-
dard deviation) at rest to 43 ± 16% at symptom-limited
exercise, and then increased to 52 ± 21% during work load
reduction (probability [p] < 0.001) . In II patients (48%),
the ejection fraction increased during work load reduction
to greater than 5 units above the value at rest. Seventeen
patients developed chest pain or significant ST segment
changes at peak exercise and six did not; the ejection fraction
responses were similar in both of these subgroups. In pa-
tients with pain or electrocardiographic changes, mean ejec-
tion fraction at rest , symptom-limited exercise and work
load reduction was 50, 43 and 53%, respectively , and thus
similar to values of the total group .
The change in ejection fraction during work load reduc-
tion was inf luenced by the ejection f raction at rest. When
the rest ejection fraction was greater than 40% (16 patient s),
ejection fraction increased from symptom-limited exercise
to work load reduction by 5 units or more in 8 patients. In
contrast , when the rest ejection fraction was less than 40%
(seven patient s), ejection fraction during work load reduc-
tion did not increase to 5 units or more above the symptom-
limited exerci se value in any patient.
Group 2 .. n = 20 (Fig. 3). Mean ejection fraction de-
creased from 53 ± 18% at rest to 44 ± 16% at symptom-
limited exerci se, and then increa sed to 52 ± 19% during
work load reduction (p < 0.001 ). In six patients (30%),
ejection fraction during work load reduction increased to at
least 5 units above the value at rest. As in Group I, the
ejection fraction response was similar whether patient s did
or did not develop chest pain or significant ST segment
change s. Mean ejection fraction at rest, symptom-limited
exercise and work load reduction was 55, 46 and 54%,
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Figure 5. Stroke volume and cardiac output responses. Stroke
volume increased in both groups during work load decrease (WD).
Cardiac output increased in Group 2 but not in Group 1, corre-
sponding to a smaller decrease in heart rate during work load
decrease. Mean values ± standard deviation are shown.
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Figure 4. Hemodynamic responses in the two study groups. Dif-
ferences from symptom-limited exercise (SLE) to work load de-
crease (WD = 50% of symptom-limited exercise) were all sig-
nificant in Group I. In Group 2. the differences were minor.
reflecting the lesser decrease in work load (work load decrease =
symptom-limited exercise - 200 kp-m/min). Mean values ± stan-
dard deviation are shown. Abbreviations as in Figure 2.
from symptom-limited exercise to work load reduction. The
increase was more pronounced in Group 2 and was asso-
ciated with an increase in cardiac output. Card iac output
did not change in Group I dur ing work load reduction .
End-diastolic and end-systolic volumes (Fig. 6). End-
diastolic volume increased in both groups from rest to symp-
tom-l imited exe rcise, but did not change from symptom-
limited exercise to work load reduction . The changes in
end-diastolic volume were highly variable within each group.
In Group I. end -diastolic volume increa sed during work
load reduction (range 3 to 113 cc) in 9 patients and decreased
(range 3 to 102 cc) in 14 patients. In Group 2, end-diastolic
volume increased in 10 patients (range 14 to 87 cc) and
decreased in 10 patients (range 2 to 44 cc) during work load
reduction. The end-systolic volume increased in both groups
during symptom-l imited exerc ise . In Group I , mean end-
systolic volume decreased significant ly from 149 ± 80 cc
at symptom-limited exercise to 130 ± 97 cc during work
load reduction; end-systolic volume decreased in 16 patients
(70%) during this period. In Gro up 2, end-systo lic volume
was not significantly different between symptom-limited ex-
ercise and work load reduct ion; end-systolic volume de-
creased during work load reduction in 12 patients (60%) .
Pressure/volume ratio (Fig . 6). In Group I , the systolic
pressure/vo lume ratio was 1.9 ± 1.4 , 1.7 ± 1.0 and 2.3
± 2.0 at rest, symptom-limited exe rcise and work load
reduction , respectively; the increase from symptom-limited
exercise to work load reduction was significant (p < 0. 05).
In Group 2. the ratio at rest . symptom-limited exercise and
work load reduction was 2. I ± I. 6. I. 7 ± I.0 and I.9 ±
1.4 , respectively; these values were not significantly dif-
ferent. Changes from symptom-limited exercise to work
load reduction in each group were heterogeneous. In Group
I, the ratio increased in 15 patients (65% ) and decreased
or did not change in 8 patients (35%) . In Group 2, the ratio
increased in 10 patien ts (50%) and decreased or showed no
change in 8 patients (40%). In two patients in Group 2, the
ratio was not calc ulated because of lack of systolic blood
pressure in one patient and an indeterminate end-systolic
volume in another.
Wall motion analysis. Group I . Ten patients (43%)
had wall motion abnorma lities at rest. Th irteen (57%) ex-
hibited a new or more severe regional wall motion abnor-
mality dur ing symptom-limited exercise; in 7 of these 13
patients the exercise -induced abnormality was no longer
present during work load reduction . The change from sym p-
tom-limited exercise to work load reduction was significant
(p < 0.05).
Group 2 . Ten patients (50%) had regio nal wall mot ion
abnormalities at rest. Twelve (60%) manifested a new or
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Figure 6. Volume and pressure-volume relations. The end-sys-
tolic volume (ESV) and systolic blood pressure to end-systolic
volume ratio (SP/ESV) changed significantly during work load
decrease (WD) in Group I. Mean values ± standard deviation arc
shown.
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Discussion
Although previous studies have not examined the left
ventricular response to parti al decreases in exercise work
load , left ventricular function immediately after an exercise
period has been studied using hem odynamic measurements
(6,20), dye-d ilution curves (8) , echoca rdiography (7) and
radionuclide angiography (9- 11). Cumming (8) eva luated
19 men with normal coron ary arteries and insignificant val-
vular disease and found a 16% increase in stroke volume
from peak exercise to recovery; the change occurred within
15 to 80 seconds. With the use of real-time echocardio-
grams, Stein et al. (7) also eva luated normal subjects and
found a significant incre ase in end-dias tolic dimension and
a decrease or no chan ge in the end- systolic dimension during
the ejec tion fraction change from symptom-limited exercise
to work load reduction (Table 2) . Three of the variables had
significant linear correlati on coeffic ients in Group I and four
were significant in Group 2. In both groups, the variable
with the highest correlation with the ejec tion fraction change
was the change in systo lic pressure/end- systolic volume ra-
tio from symptom-limited exercise to work load reduction .
Test sensitivity. Inclusion in the study was determined
by failure of the ejec tion fraction to increase by 5 units or
more during symptom-limited exercise . Although this is an
arbitrary index of ischemia , it was used in the present study
to analyze the effects of reducing the work load on the
potential sensitivity of the test. A decrease in work load
reduced the test sensitivity when ejection fraction was con-
sidered alone or in combination with new wall motion ab-
normalities (Fig. 7). If the ejection fraction during work
load reduct ion had been used alone, there would have been
a loss of sensitivity of 48% for Group I and 30% for Group
2. If the presence of a new wall motion abnormality had
been considered , the sensitivity would have decreased by
43% in Group I and 25% in Group 2.
NS
GROUP 2
r+-11 L-.NS~
more severe abnormality during symptom-limited exercise;
in 6 of the 12 patients, the exercise-induced wall motion
abnormality was reversed durin g work load reduction (p <
0.05).
Correlations with ejection fraction changes during work
load reduction. Seven radionuclide angiographic variables
were examined for evidenc e of univariate correlation with
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Figure 7. The effect of work load reduction
(WD) on test sensitivity. Test criteria: ejection
fraction (EF) less than 5 unit increase (dotted
bars); new regional wall motion abnormality
(WMA) or worsening of existing wall motion
abnormality (hatched bars); or either of the two
test criteria (open bars ). Number of patients is
shown at the top of each bar. RNA = radio-
nuclide angiographic; SLE = symptom-limited
exercise.
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Table 2. Univariate Analysis: Correlation With Changes in
Ejection Fraction (A EF) (SLE -. WD)
EF = ejection fraction ; ESV = end-systolic volume; NS = not sig-
nificant; p = probability; r = correlation coefficient; RPP = rate-pressure
product; SLE = symptom-limited exercise; SP = systolic blood pressure;
WD = work load decrease.
Hemodynamic variables
A SP (SLE-+ WD) -0.23 NS -049 < 0.05
A RPP (SLE-+ WD) -0.19 NS 0.16 NS
EF (Rest) 0.51 <0 .05 0.61 < 0.01
EF (SLE) 0.45 <0 .05 0.50 <0 .05
A EF (Rest-+ SLE) -0.30 NS -0.07 NS
Pressure/volume index
A SP/ESV (SLE-+ WD) 0.57 <0 .01 0.78 <0.001
the first 16 to 45 seconds of recovery; consequently, frac-
tional shortening increased. Radionuclide techniques have
demonstrated similar but more variable responses in normal
subjectsduring the first2 minutesafter cessationof exercise
(9-11). In patients with significant coronary artery disease,
theejection fractionoften decreasesduring symptom-limited
exercise. After terminationof exercise, the ejection fraction
may increase and exceed or "overshoot" the rest value
(9,10) .
Functional indexes of ischemia during acute reduction
of work load. The major finding of the present study is
that functional indexes of left ventricular ischemiaat symp-
tom-limited exercise are very sensitive to acute reductions
in work load. Despite only small decreases in heart rate and
blood pressure, there was frequently a marked and rapid
rebound in ejection fraction after both moderate and small
decreases in work load. Partial decreases in work load after
peak exercise decreased the sensitivity of the radionuclide
angiogram for detecting ischemia by 48% in Group 1 and
30% in Group 2 when a commonly used ejection fraction
response was the test criterion. This finding has important
implications in the interpretation of the radionuclideangio-
gram when work load is reduced after maximal exercise
stress.
The response of our study patients to reductions in work
load from symptom-limited exercise was heterogeneous.
Subgroupand univariateanalysesdemonstrated that patients
witha low rest ejection fraction had smallerejectionfraction
changes from rest to symptom-limited exercise, as well as
during work load decrease. This observation is consistent
with previous studies from this laboratory (21), whichdem-
onstrated that the ejection fraction decrease at peak exercise
in patients with coronary disease is inversely related to the
rest ejection fraction. In patients with depressed left ven-
tricular function at rest, there is less myocardium at risk for
ischemiaand a smaller mass of normal myocardium to par-
ticipate with ischemic tissue during the recovery or rebound
period.
Changes in heart rate, blood pressure and ventricular
volumes. Unlike the rapid decreases in heart rate and blood
pressure that accompany complete cessation of exercise,
both variables decreased only slightly when exercise was
continued at a reduced work load. Heart rate decreased by
a meanof 11 beats/min in Group I and 6 beats/min in Group
2 during reduction in work load; systolic blood pressure
decreased slightly in Group I and remained unchanged in
Group 2. Stroke volume increased slightly during reduction
in work load; cardiac output was unchanged in Group I and
increased slightly in Group 2. These findings are similar to
those observedafter completecessation of exercise (8). The
observed changes in end-diastolic volume and end-systolic
volume during symptom-limited exercise in the present study
are consistent with previously published results from our
laboratory in patients with coronary artery disease (1 ,21 ,22).
There was no significant change in end-diastolic volume
during partial decreases in work load.
Dehmeret al. (17) used peak systolic blood pressure and
radionuclide end-systolic volume to derive a noninvasive
index of left ventricular contractility similar to the end-
systolicpressure/volume ratiodescribedby Sagawa (23) and
others (16,18) . In the present study, the systolic pressure/
volume ratio increasedsignificantly only in Group I during
decreases in work load from symptom-limited exercise.
Regression analysis demonstrated significant correlations
between changes in this ratio and changes in the ejection
fraction during decreases in work load in both groups. The
flat response from rest to symptom-limited exercise agrees
with the observation of Dehmer et al. (17) .
Factors contributing to rebound in ejection fraction
and contractile performance. Several factors may have
contributed to the rebound in ejection fraction during de-
creases in work load. The rapid increase in ejection fraction
and reduction of exercise-induced wall motionabnormalities
implies at least partial reversal of ischemia. Of the 25 new
regional wall motion abnormalities observed during symp-
tom-limited exercise, 13(52%)resolved whenthe work load
was decreased. Ischemia had probably not completely sub-
sided, however, becausemanyof the patientswhoseejection
fraction rebounded during decreases in work load continued
to have chest pain or electrocardiographic evidence of isch-
emia. Furthermore, hemodynamic measurements suggest
only a small decrease in the metabolic needs of the myo-
cardium during reduction in work load. Heart rate and ar-
terial pressure, two major determinants of myocardial ox-
ygen requirement, decreasedonly slightly during reductions
in work loadand there was no correlation between the change
in these variables and the change in ejection fraction. It is
likely that neurohumoral stimulation remained high during
the periodof work loadreduction; catecholaminelevels have
beenreportedto increaserather than decreaseafter cessation
p
Group 2
p
Group I
lACC Vol 2. No 3
September 1983:522-9
SEAWORTH ET AL
WORK LOAD REDUCTION IN ISCHEMIA
529
of upright bicycle exercise (24) . If major determinants of
myocardial oxygen requirement such as heart rate , blood
pressure and neurohumoral stimulation remain high, it would
be expected that significant ischemia would persist during
the period of reduced work load. It is possible that the
contractile performance of the left ventricle during exercise-
induced ischemia is very sensitive to even small changes in
heart rate , blood pressure and ventricular volume when they
occur in the presence of intense sympathetic stimulation .
Changes in ejection fract ion during reduced work load may
repre sent a combination of partial relief of ischemia and the
effect of one or more of these variables on the contractile
performance of the ischemic left ventricle.
Clinical implications. The present study is concerned
with the effects of reduction in work load that may apply
when patients are instructed to reduce effort because of
excess motion or chest pain . The results may not be appli-
cable to patients who are unable to maint ain work load at
maximal exercise because of excessive fatigue despite con-
tinuing maximal effort. Becau se first pass radionuclide an-
giography using technetium-99m cannot be used for more
than three serial measurements during exercise , this study
did not addre ss the question of whether acquisition before
maximal exe rcise would cau se the same loss of sensitivity
as acqui sition at the same work load after maximal exerci se.
This study demonstrates that after an ischemic response
to symptom-limited exercise, small decreases in work load ,
accompanied by only minor changes in determinants of
myocardial oxygen demand such as heart rate , arterial pres-
sure and ventricular dimensions, are often assoc iated with
a rapid increase in ejection fraction and improvement in
regional wall motion. Work load must be maintained during
symptom-limited exercise to preserve optimal sensitivity of
radionuclide angiography for the detection of ischemia.
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